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ABSTRACT

Differences in the adhesion of three carbon fibers (Hercules AS1 and
AS4, and Hysol-Grafil XAS) to polycarbonate (PC) have been shown to
correlate with the adsorptivity of PC on the three fiber types. The
adsorptivity (energy of adsorption) was determine using retention time
liquid chromatography and the adhesion was measure using the single
embedded filament tensile test.. A correlation was also found between
adhesion strength and the O/N surface element ratio using XPS analysis.
The chemical details for these correfations have not yet been determined.

K A study of filament fracture statistics has been initiated using single
and multiple embedded filament tensile tests. Filament fracture has been
‘ measured as a function of strain and for different interfiber distances.
Preliminary results indicate that fiber fracture is a discontinuous function of
increasing strain and may in fact occur at discrete strain intervals. Fiber-
fiber interaction effects on fiber fracture have been found for interfiber
distances of up to two to three fiber diameters.
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TASK |

l ADHESION 1O THERMOPLASTICS I

0BJECTIVE

DETERMINATION OF THE EFFECT OF CARBON FIBER SURFACE
CHENICAL ARD SURFRCE NMECHANICAL PROPERTIES ON CONPOSITE
PERFORMANCE; NOTRBLY DELANINATION

* BACKGROUND

THREE COIMERCIAL CRRBON FIBERS DIFFER IN THEIR ADHESION
TO THERWOPLASTIC POLYHERS (POLYCRRBONATE,ULTEN,PEEK,ETC)

AS1 (HERCULES) ----- LOW ADHESION
AS¢ (HERCULES) ----- LOH ADHESION
¥RS (HYSOL-GRAFIL) -  STRONG RDHESION

USURL RERSONS FOR DIFFERENCES IN RDHESION HARUE BEEN
ELIINATED:

olEAK BOUNDARY LAYERS
oSURFACE ROUGHNESS
ollETTABILITY




TEST FOR FIBER/NATRIX ADHESION

oSINGLE ENBEDDED FILAMENT TEST
DETERNINATION OF FIBER SURFACE PROPERTIES

o¥PS

oRCID-BASE CHARACTER FROM INUERSE GRS PHASE

CHRONATOGRAPHY
oRETENTION TINE CHRONMATOGRAPHY



TRE SINGLE EMBEBDED FILAMENT TEST

T
i
i

o the critical length (/) is reloted to the interphase shear strength by,

1‘-2_/;

T¢ = interphase shear
strength
O¢ = fiber strength

d = fiber diameter
/¢ = fiber critical length

<7

so that;

other foctors being equal




motor

APPARATUS FOR TENSILE TESTING OF EMBEDDED SINGLE FILANENT SPECIMNENS

elfotor Driven

oStrain Readout (LUDT)

oCoaputer Data Processing (to be installed)



RETENTION TIHE LIQUID CHRONATOGRAPHY

7, 73 4
DCE iy
reservior “l‘\j

......
.....

Uy
detector

Dichloroethane (DCE) Solution of Polycarbonate is Injected and the
Retentiion Time Taken at the Rbsorption Haximua.
;UU detector set at 265na



oCRITICAL LENGTH DATR INDICATE DIFFERENT BOND STRENGTHS
T0 THERMOPLASTICS. FOR EXAHPLE POLYCARBONATE &% EPORY

oTHE THREE FIBERS HAVE ESSENTIALLY THE SRNME BOND STRENGTH
T0 THE EPOXY BUT DIFFER IN THEIR ADHESION TO

POLYCRRBONATE
Critical Length Data
| Critical Lengths
Matrix (mm)
AS | AS4 XAS
epoxy (828/m-PDA) 0.30 0.38 0.21
polycarbonate 0.95 0.74 0.36




SURFACE ANALYSIS USING KPS

Surface Composition of Carbon Fibers From XPS Analysis

Elemental Composition, ®

Carbon Fiber C 0 N Na S A
AS1 79.6 12.2 5.3 23 04 0.2
AS4 89.3 6.7 39 - - -
XAS 82.7 95 7.7 - - -

o0 CORRELATION BETWEEM ADHESION ( /. )AND ELEMENTAL
CONMPOSITION, HONEUER:-

of APPARENT CORRELATION UITH OXYGEN/NITROGEN (0/H)
RATIO

101
09-
081
071
06
0.5-

e (mm)

y = -0.2673 + 05451x R=097

0.4-
- o

03

T L M T d LI L}

v ———T—
10 12 14 16 18 20 22 24
om



[AC1D-BASE CHARACTER |

o DETERNINED USING INUERSE GRS PHRASE CHROMATOGRAPHY
(PROF. TOM UARD, VIRGINIA TECH)

o RS4 NORE ACIDIC THAN XAS
ee RS1 TESTS IN PROGRESS

o BOTH FIBERS HAUE SIMILAR NONPOLAR CHARACTER

ACID -BASE ANALYSIS

probe molecule  character Isp(m)/m2)
AS4 = XAS
CHCI3 acidic - 21.9
CClg acidic 12.8 11.6
CH3COCH3 amphoteric 149 87.2
THF basic 150 927

. — . — ————— —— ————  ——— —— ————— T . ———— . - Y Y ——————— - ——————

Y sP (m)/m2)

n-alkanes nonpolar 40.0 39.3

1sp = [ree energy of interaction
Y sP - nonpolar surface energy




|_RETENTION TIME CHROMATOGRAPHY |

o SIGNIFICANT DIFFERENCE BETWEEN THREE FIBERS
oo ABSORPTIVITY OF POLYCARBONATE :

XAS > AS4 > AS]
15071
14.2 1
RETENTION
TIME(min) 35
-
120
AS1 AS4 XAS



CRITICAL LENGTH (mm)

*STRONG CORRELATION BETWEEN RETENT1ON TIME AND

ADHESION

y=6.659-0.432x R=1.00

a AS4CF
® XASCF
® AS1CF

021

13.0 13.5 140 145 15.0

RETENTION TIME (min)
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CONCLUS I ONS

o CARBON FIBER ADHESION TO POLYCARBONATE LINKED TO
ADSORPTIVITY (ENERGY OF ADSORPTION).

o APPARENT CONHECTION WITH THE 0/N RRTIO OF SURFACE
CHERICAL SPECIE

e RETENTION TINE LIQUID CHRONATOGRAPHY R SENSITIVE
TECHNIQUE FOR NMEASURING POLYMER/FIBER CHENICAL
INTERACTIONS (ENERGY OF RADSORPTION)

FUTURE HORK

oL1QUID CHRONATOGRAPHY OF POLYNER RDSORPTION ON
CARBON FIBER

ooRETENTION TINE &€ CONCENTRATION —=> ADSORPTION
ENERGY

ooREFURBISH CHRONATOGRAPH SUPPLIED BY HASA

ooTEST POLYANMIDEINIDE (ULTEN), POLYPHENYLENE OXIDE
AND POLYSULFOHE

oRE-EXAMINE XPS DATA

«eDECONUOLUTE NITROGEN AND OXYGEN PERKS FOR
POSSIBLE DIFFERENCES BETUEEN FIBERS

oDETERMINE ACID-BASE CHARACTER OF FIBERS
oofiS1 DATA FROM VIRGINIA TECH
oofil INVERSE GAS PHASE CHROMATOGRAPH MILL BE IN

PLACE UITHIN 6 NONTHS (CENTER FOR BIOPOLYHER
INTERFRCES, UHIVERSITY OF UTAH)
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- -

oSURFACE NODIFICATION BY PLASNA TRERTNENT
ooFACILITY AT BYU; DR. BRENT STRONG
ooCHANGE OXVGEN/NITROGEN RATIO
TREAT WITH 02, HH2, NO, CO2, ARGON
HEASURE ADHESION

DETERNINE SURFACE CHEMICAL COMPOSITION
USIHNG KPS

«|HTRODUCE OTHER FIBERS INTC PROGRAH, e.g. N7
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OBJECTIVE

APPROACH

TRSK 1)

l FIBER FAILURE STATISTICS I

USE ENBEDDED FILANENT TEST TO DETERHINE *IN-SITU® FIBER
FAILURE STATISTICS AND FAILURE MiCROMECHANICS UHDER
LONG I TUDINAL LOAD.

oEXPERINENTAL TECHNIQUES HAUE BEEN DEVELOPED TO FRBRICATE
“NICROCONPOSITE" SPECINENS OF 1 TO S FILANENTS

ooF [LANENTS ARE COPLANER ARD THE INTERFIBER
DISTANCE 1S ADJUSTRBLE

oENBEDDED FILANENT TEST TECHNIQUE OFFERS R UERY SINPLE
AND UHIQUE OPPORTUNITY TO DETERMINE;

«oSTATISTICAL LAUNS GOVERNING FIBER FRACTURE HITHIN
A NATRIR POLYNER

THEORIES OF COMPOSITE LONGITUDINAL
FRILURE AND OTHER FAILURE MODES
ASSUNE UEIBULL STATISTICS BASED ON
SINGLE FILAMENT TESTING IN AIR

eof |BER FRILURE STATISTICS AS A FUNCTION OF STRAIN
ooEFFECT OF ADJACENT FIBERS ON FRILURE STATISTICS

AND STRESS DISTRIBUTION AT ADJACENT FIBER BREAKS
(FRON STRESS BIREFRINGENCE PRTTERNS)
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oF IBER BRERKS HITH INCRERSING STRAIN
oo SINGLE FILAMENT OF AS4 IN EPORY

oo CONBINED DATA FOR THREE SPECINENS

sl A A A A

SaBNBHS S

ol

no

6 28 3 32 34 36 38 4 42 44
strain (%)

CUMULATIVE FIBER BREAKS WITH INCREASING STRAIN
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oo FILANENT FRACTURE 1S A DISCONTINUOUS FURCTION OF
STRAIN: BRERAKS OCCUR WITHIN THREE OR POSSIBLY FOUR
REGIONS OF STRAIN

FIBER 2

BREAKS
1. M
0O ” : g

26 28 3 32 34 36 38 4 42 44 46

STRAIN (%)
FREQUENCY OISTRIBUTION OF FIBER BREAKS

o FILAMENT FRACTURE STRAIN (3-4%) EXCEEDS LANINATE
FAILURE STRAIN (1-2%)
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oSTATISTICAL DISTRIBUTION OF FRAGHENT LENGTHS MITH INCRERSING
STRAIN

oo AT LOM STRAIN LEVELS FRAGHENT LENGTHS EXHIBIT R
BINODAL HORMAL DISTRIBUTION

Test Data for “Hormality"

Teo Linear Regions

3.3% STRAIN

el

--2 g T v L 4 v 1 J v v v v
0 1 2 3 4 S
fragment. length (mm)

o o
~J
[ ]
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o AT HIGHER STRAIN LEVELS FRAGMENT LENGTHS DO NOT FIT
HORHAL DISTRIBUTION

ee BETTER FIT BY A THO-PARANETER WEIBULL

DISTRIBUTION
124
14
84
64
: .
2|
04—O—
-2 - r — -
0 1 2 3 4 3 6 7 8 9 1
fragment length (mm)
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o EFFECT OF ADJACENT FIBERS ON FILAHENT FRACTURE
STATISTICS (AS¢-epoxy)

oo TUO FIBERS

oo THREE INTERFIBER DISTANCES
a) < 1 fiber dianeter
b) 1-2 fiber diameters
c) 4-5 fiber diameters

oo SIX STRAIN LEVELS; 3.0, 3.3, 3.6, 4.0, ¢.3,4.6 %

o DATA COLLECTED AND BEING ANALY2ED

oo fAdjacent(< d separation) Fiber Breaks vs
Interfiber Distance

STRAIN (%) INTERF IBER DISTRNCE
<1 diameter 1-2 dianeters 4-S diometers
3.0 1 0 1
3.3 9 2 3
3.6 21 8 6
4.0 2? 15 9
4.3 21 17 9
4.6 32 20 9

o PRELIMINARY RESULTS:
oo [NTERFIBER EFFECTS DECAY WITH INCRERSING FIBER
SEPARATION. NO INTERACTION AT DISTANCES > 4
DIRNETERS

ee |NTERACTIONS “SRATURATE® AT ABOUT 4X STRAIN
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CONCLUS | ONS
oF IBER FAILURE STATISTICS CHANGE HITH INCRERSINGS STRAIN
*ofAPPROXINATE NORMAL DISTRIBUTION AT LOW STRAINS (< 3X)
«oRPPROXINATE UEIBULL DISTRIBUTION AT HiGH STRAINS (>4X)
oF IBER-F IBER INTERACTIONS DECRERSE WITH INTERFIBER DISTANCE
FUTURE WORK

o REFINE STATISTICAL ANALYSIS OF FILANENT FRACTURE US TENSILE
STRAIN

o ANALYZE “TUO-FIBER" DATA
ee FRAGNENT SIZE DISTRIBUTION RELATIVE TO SINGLE FILAMENT

Strain Level
Interfiber Distance

oDETERNINE FILANENT FRACTURE STATISTICS FOR THREE AND FIVE
ADJACENT FIBERS

oo INTERFIBER DISTANCE
ee STRAIN LEVEL
o REPEAT EXPERINMENTS FOR OTHER FIBER TYPES( e.g., IN?, HHS)

o REPEAT EXPERINENTS FOR LOW FIBER/MATRIX ADHESION (e.g., AS4-
polycarbonate)
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